were evaluated in this retrospective cohort study. We also evaluated early objective tumor response (EOTR) within 12 weeks, which was defined as a relative change of $30% in the sum of the longest diameters of target lesions when compared with baseline. The primary study endpoints were progression-free survival (PFS) and response rate. Results: A total of 185 patients received the following chemotherapy: FOLFOX4 + BV (FF4 arm, n=85), mFOLFOX6 + BV (FF6 arm, n=40), and XELOX + BV (XELOX arm, n=60). The overall response rates were 61.2%, 72.5%, and 75.0% (95% confidence interval: 50.6%-71.8%, 58.0%-87.0%, and 63.7%-86.3%). Median PFS was 18.0, 15.5, and 13.7 months, respectively (log-rank: P=0.254; data cut-off: May 2013). Patients with EOTR (n=117) had significantly better PFS than those without-EOTR (n=68) (17.5 versus 12.7 months, P=0.004). Conclusion: This study suggests that these three BV plus oxaliplatin-based treatments might have comparable benefit in terms of tumor response and PFS. Moreover, EOTR may be a predictive factor for PFS in patients with MCRC.
Introduction
Colorectal cancer was the third most common malignancy and the second most frequent cause of cancer-related death worldwide in 2008. 1 Metastases are present in about 25% to 30% of patients with colorectal cancer at the time of diagnosis, and will develop in another 25%. Unfortunately, the prognosis is usually limited at this stage of the disease, but systemic chemotherapy can control the disease, alleviate the symptoms related to cancer, and prolong survival. 2 FOLFOX, a fortnightly schedule of bolus and infusional 5-fluorouracil (5-FU)/folinic acid (FA) plus oxaliplatin, is a widely used regimen for first-line treatment against metastatic colorectal cancer (MCRC). 3, 4 Capecitabine (Xeloda ® ; Chugai-Roche, Tokyo, Japan) is an oral fluoropyrimidine that is equivalent to intravenous 5-FU in tumor tissue and acts by exploiting the increased expression of the enzyme thymidine phosphorylase in tumors. 5, 6 Some clinical studies show that capecitabine can replace bolus 5-FU/FA submit your manuscript | www.dovepress.com
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Ohhara et al as first-line therapy for MCRC [7] [8] [9] and as adjuvant therapy for stage III colon cancer. 10 Moreover, capecitabine has also been combined with oxaliplatin (XELOX regimen) to produce an effective first-line regimen for MCRC in Phase II studies. [11] [12] [13] A pivotal Phase III study (NO16966) showed that XELOX was noninferior to FOLFOX4 in terms of efficacy as first-line therapy for patients with MCRC.
14 Bevacizumab (BV) is a recombinant humanized monoclonal antibody to vascular endothelial growth factor (VEGF). The addition of BV to cytotoxic chemotherapy is one of the treatment options for patients with MCRC. The NO16966 study further demonstrated that adding BV to oxaliplatin-based chemotherapy improved progression-free survival (PFS) in the first-line treatment of MCRC. 15, 16 In our retrospective study, adding BV to FOLFOX4 prolonged PFS and overall survival (OS) when compared with FOLFOX4 in Japanese patients with MCRC (PFS, 17.0 versus 9.9 months; hazard ratio [HR] , 0.58; 95% confidence interval [CI] : 0.42-0.82; P=0.002; OS, 38.8 versus 20.5 months; HR, 0.49; 95% CI: 0.34-0.71; P,0.001). 17 XELOX was approved for MCRC in September 2009 in Japan. Doi et al described the efficacy and safety of XELOX + BV in Japanese patients with MCRC in a Phase I/II study. 18 However, there are no data in Japanese patients with MCRC that compare XELOX + BV and FOLFOX (FOLFOX4 or mFOLFOX6) + BV.
Recently, some investigators reported that early tumor shrinkage (ETS) $20% in MCRC was associated with prolonged PFS and OS. Modest et al studied patients with KRAS wild-type (WT) MCRC who were treated with a cetuximabcontaining regimen and reported ETS $20% at 6 weeks after initiation of chemotherapy in 59% of patients. 19 Patients with ETS $20% had better overall response rate (ORR) than those with non-ETS (82% versus 19%; P,0.001). Moreover, PFS (8.9 months versus 4.7 months, P,0.001) and OS (31.6 months versus 15.8 months; P=0.005) were significantly superior in patients with ETS $20% when compared with those in non-ETS patients. Giessen et al reported similar results with regard to ETS in patients treated with irinotecan-based combined chemotherapy. 20 These reports suggest that ETS might be a good predictor of PFS and OS in patients with MCRC. Moreover, Sommeijer et al reported that early objective tumor response (EOTR) between 6 and 12 weeks after initiation chemotherapy was associated with prolonged PFS and OS in patients with MCRC. 21 The purpose of this retrospective study was to evaluate the safety and efficacy of three oxaliplatin-based chemotherapies (FOLFOX4, mFOLFOX6, and XELOX) plus BV in the firstline treatment of patients with MCRC. 
Patients and methods study design
Patients
The eligibility criteria were as follows: 1) histologically proven MCRC; 2) age #75 years with an Eastern Cooperative Oncology Group (ECOG) performance status (PS) range of 0-2 at the start of chemotherapy; 3) adequate organ function; and 4) no prior systemic chemotherapy for MCRC and no progression within 6 months of adjuvant chemotherapy completion (if received). Some of the exclusion criteria were as follows: brain tumor or brain metastases; urinary protein $100 mg/dL within 1 week before treatment; uncontrolled hypertension despite two or more medications; peptic ulcer; or clinically significant cardiovascular disease.
Treatment
The treatment regimens were: FOLFOX4 + BV (85 mg/m 2 intravenous oxaliplatin for 2 hours on day 1 plus 100 mg/m 2 l-leucovorin for 2 hours and 400 mg/m 2 bolus 5-FU, followed by a 22-hour infusion of 600 mg/m 2 5-FU on days 1 and 2 plus 5 mg/kg BV for 30-90 minutes on day 1 every 2 weeks); mFOLFOX6 + BV (85 mg/m 2 intravenous oxaliplatin for 2 hours on day 1 plus 200 mg/m 2 l-leucovorin for 2 hours and 400 mg/m 2 bolus 5-FU, followed by a 46-hour infusion of 2,400 mg/m 2 5-FU on day 1 plus 5 mg/kg BV for 30-90 minutes on day 1, every 2 weeks), and XELOX + BV (130 mg/m 2 intravenous oxaliplatin for 2 hours on day 1 plus oral capecitabine 1,000 mg/m 2 twice daily for 2 weeks from day 1 plus 7.5 mg/kg BV for 30-90 minutes on day 1, every 3 weeks).
Treatment was continued until disease progression, intolerable adverse events, or withdrawal of consent. The disease progression was defined as a $20% increase in the sum of the longest dimensions of target lesions from baseline, appearance of new lesions, or death, whichever came first. Oxaliplatin was stopped when patients experienced grade 2 or more neurosensory toxicity lasting more than 7 days and was reintroduced if patients recovered from the neurosensory toxicity. When we stopped oxaliplatin, we continued chemotherapy consisting 
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Bevacizumab plus three oxaliplatin-based regimens in Mcrc of BV plus 5-FU/FA or capecitabine. Antiemetic drugs and dose reduction of the designated drugs were allowed at the discretion of the treating physician.
Efficacy and safety evaluation
Tumor assessments with computed tomography scan were performed within 4 weeks before the first administration of treatment and were repeated every 8-12 weeks. Objective responses in measurable lesions were evaluated according to the guidelines of the Response Evaluation Criteria in Solid Tumors Committee (RECIST) version 1.0. The objective response was assessed by the physicians.
The first evaluation was performed between 8 and 12 weeks using computed tomography scan, and EOTR was analyzed during this first evaluation. EOTR was defined as a relative change of $30% in the sum of the longest dia meters of target lesions at the first evaluation when compared with baseline.
Symptomatic toxicities and laboratory data were monitored every cycle at the outpatient department. Toxicities were evaluated according to the Common Toxicity Criteria for Adverse Events (CTCAE), version 4.0. Dose reduction and treatment delays were recommended according to the extent of hematological and non-hematological toxicities.
statistical analysis
PFS was defined as the period from the date of the first administration of BV plus oxaliplatin-based chemotherapy to the date of confirmation of tumor progression by imaging, the date of symptomatic deterioration by clinical judgment, or the last date on which the patient was confirmed to be alive without disease progression. If a patient experienced progression on BV plus 5-FU/FA or capecitabine, we counted it as a PFS event. Patients who did not have target lesions were excluded from the waterfall plot analysis. The survival curves were calculated by the Kaplan-Meier method. Predictive factors were established by searching all variables that significantly influenced PFS at a P-value of ,0.05 in the univariate analysis. Multivariate analysis was performed using the Cox proportional hazards regression model. Statistical analyses were performed using the SPSS software package version 18.0 (SPSS Inc., Chicago, IL, USA). P-values were two-sided, with P,0.05 indicating statistical significance. Table 1 . The median age was 60 years (range, 16-74 years) in the FF4 arm, 61 years (range, 43-74 years) in the FF6 arm, and 60 years (range, 38-75 years) in the XELOX arm. Almost all patients in this study had ECOG PS 0 (FF4 arm, 99%; FF6 arm, 93%; and XELOX arm, 95%), and no patients had ECOG PS 2. Primary site resection was performed more commonly in the FF4 (92%) and FF6 (93%) arms than in the XELOX arm (72%). The incidence of liver metastasis in the FF6 arm (30%) was lower than that in the FF4 (53%) and XELOX (62%) arms. However, the incidence of the other metastatic sites was almost similar when comparing the three arms. KRAS status was checked in 111 patients (60%); among them, the number of patients with KRAS WT status was 69 patients (62%), and the number of patients with KRAS mutant-type status was 42 patients (38%).
Results
Patient characteristics
Treatment outcome and waterfall plot analysis
The ORRs (complete response + partial response) of the FF4, FF6, and XELOX arms were 61.1%, 72.5%, and 75% (95% CI: 50.6%-71.8%, 58.0%-87.0%, and 63.7%-86.3%), respectively ( Table 2 ). Among them, 117 patients (63.2%) achieved early response at the first evaluation ( Figure 1 ). The R0 resection rate after chemotherapy was 11% in the FF4 arm, 5% in the FF6 arm, and 12% in the XELOX arm. The median relative dose intensities (RDIs) of oxaliplatin were 0.54 (range, 0.14-1) in the FF4 arm, 0.59 (range, 0. statistical significances between the three arms (log-rank; P=0.254). However, PFS in the XELOX arm was slightly shorter than those in the FF4 and FF6 arms. We could not estimate OS, because the median follow-up time was short and because the number of events was very few at the cut-off date. Figure 3 shows the relationship between EOTR patients and non-EOTR patients in terms of PFS. EOTR patients had a better PFS than non-EOTR patients (log-rank; P=0.004). This result means that EOTR patients with MCRC receiving oxaliplatin-based regimens plus BV had prolonged PFS. safety Table 4 shows the incidence of grade 3/4 adverse events in each arm. The FF4 and FF6 arms were associated with a higher incidence of grade 3/4 neutropenia when compared with the XELOX arm. Grade 3 hand-foot syndrome was more frequent in the XELOX arm. With regard to BV-related adverse events, hypertension was observed at the same incidence in each arm, and the incidence of other adverse events, such as bleeding, arterial or venous thrombosis, and proteinuria, was very low. The toxicity was tolerable, and there were no treatment-related deaths within 30 days.
Discussion
This retrospective study demonstrated that there was no difference among three oxaliplatin-based regimens with BV with regard to PFS in patients with MCRC. Each regimen contributed a high ORR and excellent PFS. In addition, the toxicities of all regimens were tolerable. The ORR in this study was 68.1% (126/185 patients), which is similar to that in a previous Phase II report in Japanese MCRC patients who received XELOX + BV (ORR, 72%).
18 R0 resection rate after chemotherapy was over 10% in the FF4 and XELOX arms, while only 5% in Progression-free survival (probability) the FF6 arm. We considered the reason for the difference in the R0 resection rate in each arm was that liver metastasis in FF6 arm (30%) was less than in FF4 and XELOX arms (53% and 62%, respectively). Therefore, we were not able to conclude that FF6 was inferior to FF4 or XELOX therapy with regard to tumor shrinkage. In terms of safety, the incidence of hematological and non-hematological grade 3/4 adverse events in the XELOX arm was similar to that described in previous reports. [14] [15] [16] 18 In contrast, grade 3/4 neutropenia occurred in 55% of patients in the FF4 arm and in 58% of patients in the FF6 arm, which is more common than that seen in previous studies, such as the NO16966 study (grade 3/4 neutropenia occurred in 43% in FOLFOX4 arm).
14 However, febrile neutropenia was found in only one patient in the FF4 arm. Despite the higher incidence of neutropenia in the FF4 and FF6 arms, the RDI of oxaliplatin was over 50% and that of 5-FU was over 70%. These data indicate that the hematological toxicities were manageable in each arm. Non-hematological toxicities in the FF4 and FF6 arms were similar to those seen in previous reports. 14 The incidences of BV-related adverse events were consistent with those previously reported. 22, 23 Grade 3/4 hypertension was observed to be higher in each arm (FF4, 34%; FF6, 20%; XELOX, 27%) than in previous reports, 15 but was manageable.
PFS analysis showed no statistically significant difference between the three arms. However, the XELOX arm had a slightly shorter PFS than the FF4 and FF6 arms. This may be because more patients received surgical resection at the primary site in the FF4 and FF6 arms prior to initiation of 
Abbreviation: cTcae, common Toxicity criteria for adverse events. 
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Bevacizumab plus three oxaliplatin-based regimens in Mcrc chemotherapy than in the XELOX arm. McCahill et al reported the results of a Phase II trial (NSAPB trial C-10) of patients with MCRC presenting with an asymptomatic intact primary tumor (IPT). 24 The aim of the study was to determine whether surgical resection of the asymptomatic IPT was needed before initiation of FOLFOX plus BV in patients with MCRC. The rate of major morbidity, defined as any event related to the IPT necessitating surgery or leading to death, was examined as the primary endpoint. Ninety patients with MCRC and asymptomatic IPT were enrolled and received FF6 plus BV as first-line chemotherapy. The incidence of major morbidity events was 16.3%, which was considered acceptable. The median OS was 19.9 months (95% CI: 15.0-27.2 months), which was shorter than that observed in another Phase III trial of patients treated with FOLFOX plus BV (OS, 24.5 months; 95% CI: 20.4-24.5 months). 25 Therefore, we could not conclude whether surgical resection of asymptomatic IPT prior to chemotherapy was necessary based on the results from McCahill et al's study alone. According to our study, resection of the primary site might be associated with better PFS and OS, because it was extracted as an independent factor for PFS in both univariate and multivariate analyses. An ongoing prospective trial (JCOG1007) is analyzing the benefit on survival of surgical resection of primary sites in MCRC before initiation of chemotherapy and might help resolve this issue. PFS in our study was longer than that in previous Phase III studies. This may be because we chose reintroduction of oxaliplatin. If patients suffered severe neurosensonary toxicity, we stopped oxaliplatin and continued chemotherapy consisting of BV plus 5FU/FA or capecitabine. However, when the tumors tended to regrow within stable disease and the patients recovered from neurosensory toxicity less than grade 1, we reintroduced oxaliplatin to the patients. Reintroduction of oxaliplatin is often performed in clinical practice in Japan. In fact, 95 patients stopped oxaliplatin administration because of neurosensory toxicity, of whom 53 patients (58%) had oxaliplatin subsequently reintroduced. Moreover, we continued the first-line treatment up to baseline progressive disease when tumor growth was slow, even if progressive disease was achieved according to the RECIST criteria. These data suggest that the long-term use of oxaliplatin resulted in good PFS.
Prognostic factors are often assessed in OS. A previous study assessed a total of 3,825 MCRC patients treated with 5-FU and demonstrated three risk groups according to four prognostic factors: ECOG PS, number of tumor sites, white blood cell count, and ALP level. 26 On the other hand, recent reports showed a relationship between ETS/EOTR and not only OS but also PFS. [19] [20] [21] We considered that a prognostic factor was important to PFS in our study because we evaluated EOTR in patients with MCRC, so we assessed prognostic factors for PFS in MCRC patients. In multivariate analysis, we found that previous primary site resection was a predictive marker of PFS in patients treated with oxaliplatinbased chemotherapy containing BV. Most patients in the FF4 and FF6 arms underwent operation at the primary site, even though the patients had no symptoms, such as obstruction or bleeding. In contrast, the rate of primary site resection was 72% in the XELOX arm. In our institute, patients without obstruction or bleeding at the primary site were given the XELOX regimen immediately as first-line chemotherapy, because the XELOX regimen does not require central venous access to introduce chemotherapy. Patients without advanced disease at the primary site might be in better condition when receiving chemotherapy, because patients receiving primary site resection would have less tumor burden than those who were not candidates for primary site resection. In recurrence cases, the volume of disease at the metastasis site might be smaller than that in advanced cases because of early detection of recurrence. A prospective randomized trial including MCRC patients with and without primary site disease is required to examine whether primary site resection is a predictive marker of PFS.
The VEGF signaling pathway consists of five glycoproteins from the VEGF family (VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placental growth factor [PIGF]), three receptors (VEGF receptor [VEGFR]-1, VEGFR-2, and VEGFR-3), and two co-receptors (neuropilin [NRP]-1 and NRP-2). 27, 28 VEGF-A can bind to VEGFR-1, VEGFR-2, and NRP-1. VEGF-A binding to VEGFR-2 is considered to be the key signaling pathway that mediates angiogenesis. 29 BV binds to VEGF-A with high affinity, and the BV-VEGF-A complex blocks the binding of VEGF-A to VEGFR, thereby inhibiting the VEGF signaling pathway. Liver and lung metastases arise via hematogenous spread. Multivariate analysis in this study indicated a relationship between better PFS and liver or lung metastases. However, we could not conclude that BV had more activity against hematogenous metastases than lymphogenous metastasis from our result.
In AVF2107 and N9741, the investigators suggested that ORR does not predict PFS and OS in response to standard chemotherapy with or without BV. 30 However, several authors recently demonstrated that ETS was a good clinical predictive marker in patients with MCRC who were treated with cetuximab-or BV-containing chemotherapy. Muro et al showed that the rate of tumor shrinkage $30% in MCRC patients treated with XELOX + BV was 41.8% at 6 weeks and was 70.9% at 12 weeks after initiation of chemotherapy. 31 Those investigators did not evaluate the relationship between EOTR and survival but did demonstrate good PFS and OS (PFS, 11.0 months; OS, 27.4 months). 18 In addition, Ichante et al reported that ETS at 8 weeks strongly correlated with better survival in patients with MCRC who received capecitabine plus irinotecan (XELIRI) or intravenous bolus and infusional 5-FU/FA plus irinotecan (FOLFIRI) plus BV as first-line treatment, according to both univariate and multivariate analyses. 32 In the PRIME trial, 656 patients with KRAS-WT MCRC received FOLFOX with or without panitumumab. 33 Patients with EOTR had better PFS and OS than those with non-EOTR. Moreover, Sommeijer et al showed the prognostic value of EOTR for MCRC patients undergoing first-line chemotherapy. 21 Those investigators reported that good PFS and OS were related to EOTR, which was evaluated at 6-8 weeks and at 12 weeks. These studies suggest that EOTR might have utility in predicting PFS and OS in patients with MCRC. We chose 12 weeks after initiation of treatment as the optimal point to assess EOTR in order to assess the effect of chemotherapy at the first evaluation conducted in routine clinical practice. In previous pivotal studies, it seemed that ORR might be lower in response to BV-containing chemotherapy when compared with cetuximab-containing chemotherapy in patients with KRAS-WT MCRC. 14, 33 Recently, however, the PEAK study, a randomized Phase II trial comparing FOLFOX plus BV with FOLFOX plus panitumumab; the FIRE-3 study, a randomized Phase III trial comparing FOLFIRI plus BV with FOLFIRI plus cetuximab; and the CALGB/SWOG 80405 study, a randomized Phase III trial comparing chemotherapy (mFOLFOX6 or FOLFIRI) plus BV with chemotherapy plus cetuximab, demonstrated an approximately equal ORR (approximately 60%). [34] [35] [36] The ORR of our data was close to these results. We could show the clinical value of EOTR in MCRC patients. From our results, EOTR might be related to better PFS in patients with MCRC who receive first-line BV plus oxaliplatin-based chemotherapy.
One limitation of our study was that it was a small, retrospective cohort study rather than a randomized clinical trial. The patients in our study started chemotherapy at different time points, before and after the approval of mFOLFOX6 and XELOX regimens. In addition, the median follow-up time was 35 .0 months in the FF4 arm, 30.0 months in the FF6 arm, and 24.2 months in the XELOX arm, but each arm could not reach the median OS by the data cut-off. Further follow-up is necessary to confirm the benefit of oxaliplatin-based chemotherapy plus BV on survival in our study. Indeed, this study had less power to assess the clinical benefit for PFS and OS when compared with a large-sample-size Phase III study, such as NO16966. 14, 15 Therefore, a randomized clinical trial is needed to confirm the safety and efficacy of these three oxaliplatin-based regimens plus BV in patients with MCRC.
Conclusion
This is the first study to compare the three oxaliplatin-based regimens plus BV. We showed similar efficacy and feasibility between the FF4, FF6, and XELOX arms. Moreover, EOTR was useful for estimating the benefit of oxaliplatinbased regimens plus BV as first-line treatment in patients with MCRC. In the future, we might discuss whether or not to change the treatment regimen according to EOTR or non-EOTR. We will need a prospective study in order to determine the utility of EOTR in PFS and OS in patients with MCRC treated with BV plus oxaliplatin-based regimens.
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